(R)-1,1-Dimethyl-1-sila-cyclohexan-2-ol [(R)-2] was prepared by enantioselective microbial reduction of 1,1-dimethyl-1-sila-cyclohexan-2-one (1) with growing cells of the yeast Kloeckera corticis (ATCC 20109). At a substrate concentration of 0.5 g/1 (temperature 27° C, incubation time 16 h), (R}-2 was obtained on a preparative scale in 60% yield and with an enantiomeric purity of 92% ee. Repeated recrystallization of the biotransformation product from n-hexane raised the enantiomeric purity to 99% ee.
Introduction
In the course of our studies on the synthesis of optically active organosilicon compounds using bioconversions (for recent reviews, see refs. 1-3), various strains of microorganisms (bacteria, yeasts, fungi, algae) were found to reduce the carbonyl groups of cyclic and acyclic acylsilanes stereoselectively to give the corresponding (1-hydroxyalkyl)silanes [1] [2] [3] [4] [5] [6] [7] [8] . The enantioselective reduction of 1,1-dimethyl-l-si1a-cyclohexan-2-one (1) with cells of the yeast Kloeckera corticis (ATCC 20109 ) is an example of this type of biotransformation (Scheme 1; for a preliminary report on this reaction, see ref. 9 ). Herewe describe details of this conversion which leads to the formation of optically active (R)-1,1-dimethyl-1-sila-cyclohexan-2-ol [(R)-2]. After an incubation period of 16 h, the reduction was found to be almost complete (HPTLC monitoring). The biotransformation product was isolated in a yield of 60% (some product was lost during the working-up process because of its high vapour pressure) with an enantiomeric purity of 92% ee. Repeated recrystallization of the product from n-hexane at -20 ° C raised the enantiomeric purity to 99% ee (Fig. 1 ) .
Earlier attempts to convert 1 into ( R )-2 with growing cells of Kloeckera corticis (A TCC 20109) at a substrate concentration of 1 gjl gave a yield of about 80% and an enantiomeric purity of 82% ee [3, 9] . Such a dependence of enantiOJneric purity on the substrate concentration has also been reported for other enantioselective microbial reductions (see ref. 5 and references therein).
The absolute configuration and enantiomeric purity of (R)-2 were determined, after deriva tiza tion with ( R )-a-methoxy-a-trifluoromethyl-phenylacetyl chloride Both enantiomers of 2 were recently prepared in high enantiomeric purity via an enzymatic resolution of rac-2 [12] : ( R )-2 was obtained by enantioselective transesterification of rac-2 with triacetin in isooctane using a crude lipase preparation of Candida cylindracea (E.C. 3.1.1.3), and the corresponding antipode (S)-2 was prepared by enantioselective hydrolysis of rac-2-acetoxy-1,1-dimethyl-1-silacyclohexane in aqueous solution using the same enzyme preparation.
The results decribed in this paper and elsewhere [1] [2] [3] [4] [5] [6] [7] [8] [9] 12] demonstrate that enantioselective biotransformations may be useful for the synthesis of optically active organosilicon compounds on a preparative scale.
Experimental ( a) Chemical syntheses
All reactions were performed in dried solvents under dry nitrogen unless otherwise indicated. Melting points were determined with a Reichelt Thermovar apparatus and are uncorrected.
1 H and 13 C NMR spectra were recorded on a Bruker AM-400 spectrometer at 400.1 and 100.6 MHz, respectively. Chemical shifts (ppm) were determined relative to internal CHC1 3 
Transformation of rac-2 into a 1:1 mixture of the diastereomeric AfTPA esters (R~S)-3 and (S,S)-3
30 JLI of ( R )-a-methoxy-a-trifluoromethy1-phenylacetyl chloride (( R )-MTPA Cl; prepared from ( S )(-)-a-methoxy-a-trifluoromethylphenylacetic acid (Fluka 65364) as described in ref. 13 ) were added at room temperature to a stirred m.ixture of 600 p.l of tetrachloromethanejpyridine (1/1, v jv) and 100 .umol of rac-2. After 24 h stirring at room temperature [complete conversion as monitored by TLC; silica gel plates (Merck~ 5735), n-hexane/ diethyl ether (2/1, v jv). UV detection]. 24 p.l of 3-dimethylamino-1-propylam.ine were added, and the mixture was stirred for 10 min. Afteraddition of 15 ml of diethyl ether and 20 ml of 2% hydrochloric acid, the organic layer was separated and shaken with 20 ml of saturated aqueous Na 2 C0 3 solution and then with 20 ml of water. The organic layer was dried over MgS0 4 , the solvent removed under reduced pressure, and the residue dissolved in 0.5 ml of C 6 D 6 . To remove traces of diethyl ether, the solvent was again evaporated off and the residue redissolved in C 0 0 6 • The samples obtained by this procedure \Vere used for the NMR spectroscopic studies. The assignment of the absolute configuration at the carbon atoms of the sila-cyclohexane skeletons was performed by the correlation method described in ref. 
Preparation of (R)-2
The yeast was precultivated for 16 h at 27 ° C and 100 · r.p.m. in 10 100-ml The enantiomeric purity of the product obtained was improved as follows: A solution of 1.0 g of the purified biotransformation product (92% ee) in 8 ml of n-hexane was kept for several hours at -20 ° C and the crystals were filtered off.
The recrystallization was repeated three times under the same conditions to give 0.33 g of (R)-2 with an enantiomeric purity of > 99% ee, m.p. 58°C, 
Monitoring of the time course of the biotransformation -analytical procedure
The progress of the conversion was monitored by HPTLC. Sampies were taken and analyzed as follows: 0.2 ml of ethyl acetate were added to 1 ml of the culture broth. After 2 min shaking and subsequent centrifugation, a small sample of the organic extract was transferred to a silica gel HPTLC plate (Merck, 5642) and the chromategram was developed with n-hexane/ ethyl acetate (7 /3, v jv). After spraying of the plate with a reagent consisting of 50 ml of concentrated acetic acid, 1 ml of concentrated sulfuric acid and 0.6 ml of 4-methoxybenzaldehyde, the products showed up as a light red spot when the plate was heated for 2 min at 110 ° C.
